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SEMICONDUCTOR MEMORY DEVICE AND TEST METHOD OF 

THE SAME 

BACKGROUND OF INVENTION 



1 . Field of the Invention 

10 The present invention relates to a semiconductor memory device, more 

particularly to a semiconductor memory device having reduced number of pins 
used for testing. 

2. Description of Related Art 

15 In response to a write command applied from a tester, a conventional 

semiconductor device writes data to a memory cell. Then, in response to a 
read command from the memory cell, the semiconductor device reads the data. 
The memory cell is considered as normal when write data is the same as read 
data and is considered as abnormal when write data is different from read data. 

20 When the test is performed by the method described above, there is a 

limited number of semiconductor memory devices which can be tested in 
parallel. For example, if the number of input/output (I/O) pins (or pads) of the 
tester is sixty four (64) and the number of data I/O pins of the semiconductor 
memory device to be tested is eight, then only eight semiconductor memory 

25 devices can be tested because one semiconductor memory device occupies 
eight I/O pins of the tester. More details are explained below with reference to 
Fig. 1 . 

To increase the number of semiconductor memory devices that can be 
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tested in parallel, a parallel bit test technique has been proposed. The parallel 
bit test technique includes an additional circuit in a semiconductor chip and 
receives or outputs data not through all data I/O pins but through a 
predetermined number of data I/O pins. Data inputted through a 

5 predetermined number of data I/O pins are multiplexed by the additional circuit 
in the semiconductor chip, and the multiplexed data is written to a memory cell. 
Comparison result signals are generated by comparing two bits of data 
outputted from the memory cell. The comparison result signals are outputted 
through a predetermined number of data I/O pins. 

10 Even though the parallel bit test may increase the number of the 
. k« tactaH tact rociiits ran he unreliable 
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because the comparison result signal is generated by comparing data by two 
bits. A comparison result may indicate that the memory cell is normal even if 
the compared 2-bit data are abnormal. More details are explained below with 

15 reference to Fig. 2. 

A need therefore exists for a semiconductor memory device which 
reduces the number of pins used for a test and has a high reliability on the test. 
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SI IMMARY OF THE INVENTION 

A semiconductor memory device comprises: a write data controller for 
receiving predetermined bits of data inputted through data input/output pins to 
generate plural bits of data, and a read data controller for serially converting the 
plural bits of data to generate serially converted data through one of the data 
input/output pins during a test operation; and the write data controller for 
receiving plural bits of data inputted through the input/output pins to generate 



the plural bits of data, and the read data controller for receiving the plural bits of 
data to generate the plural bits of data through the data input/ output pins during 
a regular operation, wherein the number of the plural bits is N times the number 
of the predetermined bits, N being a natural number. 
5 Preferably, the predetermined bits are four bits and the plural bits are 16 

bits. 

Alternatively, the read data control circuit is a double data rate (DDR) 

semiconductor memory device. 

According to another aspect of the present invetnion, a semiconductor 
10 memory device comprises: a write data controller for receiving n bits of data 
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generate k bits of data to one of the data input/ output pins in sequence during a 
test operation; and the write data controller for receiving n times k bits of data 
15 inputted through data input/ output pins to generate the n times k bits of data, 
and the read data controller for receiving the n times k bits of data to generate n 
times k bits of data through the data input/output pins during a regular 
operation, wherein n and k are natural numbers. 

According to further aspect of the present invention, a method of testing 
20 a semiconductor memory device comprises: extending n bits of data inputted 
through data input/output pins to generate n times k bits of data, writing the n 
times k bits of data to a memory cell array, reading the n times k bits of data 
stored in the memory cell array, and serially converting the n times k bits of data 
to generate k bits of data, and outputting the k bits of data through one of the 
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data input/output pins during a test operation; and receiving n times k bits of 
buffered data inputted through data input/ output pins to generate n times k bits 
of data, writing the n times k bits of data to a memory cell array, reading the n 
times k bits of data stored in the memory cell array, and receiving the n times k 
bits of data to generate n times k bits of data, and outputting the n times k bits 
of data through data input/output pins during a regular operation, wherein n and 
k are natural numbers. 



RRIFF DESCRIPTION OF THE DRAWINGS 

10 For a more complete understanding of the present invention and the 
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in conjunction with the accompanying drawings, in which like reference 
numerals denote like parts, and in which: 

FIG. 1 is a block diagram illustrating a conventional semiconductor 

15 memory device; 

FIG. 2 is a block diagram illustrating another conventional semiconductor 

memory device; 

FIG. 3 is a block diagram illustrating a semiconductor memory device 
according to an embodiment of the present invention; 
20 FIG. 4 is a circuit diagram illustrating a write data control circuit of FIG. 3; 

and 

FIG. 5 is a circuit diagram illustrating a read data control circuit of FIG. 3. 
DETAILED DESCRIPTION OF PRFFFERED EMBODIMENTS 
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The present invention now will be described more fully hereinafter with 
reference to the accompanying drawings, in which preferred embodiments of 
the inventions are shown. This invention, however, be embodied in many 
different forms and should not be construed as limited to the embodiments set 
5 forth herein. 

The semiconductor memory device according to embodiments of the 
present invention will be described with reference to the drawings. 

FIG. 1 is a block diagram illustrating a conventional semiconductor 
memory device. The semiconductor memory device includes data I/O pins DQ 1 
io to DQ 16, data input buffers DIBs 10-1 to 10-16, data output buffers DOBs 12-1 

.;+ 4G onri ^ momnn/ r.pll arrav 18. 
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tho Hat a inn.it hnffers DIBs 10-1 to 10-16 buffers data inputted 
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from the data I/O pins DQ1 to DQ16 to generate buffered input data DBI1 to 
DBI16. Each of the data output buffers DOBs 12-1 to 12-16 buffers data DB01 

15 to DB016 outputted from the data read circuit 16 and outputs DB01 to DB016 
to the data I/O pins DQ1 to DQ16. The data write circuit 14 receives the 
buffered input data DBI1 to DBI16 and outputs them to the memory cell array 18. 
The data read circuit 16 processes data outputted from the memory cell array 
18 and outputs the data DB01 to DB016 to the data output buffers DOBs 12-1 

20 to 12-16. The memory cell array 18 stores data outputted from the data write 
circuit 14 during a write operation and outputs data stored in the memory cell 
array 18 to the data read circuit 16 during a read operation. 

The semiconductor memory device of FIG. 1 is configured to input and 
output data through sixteen data I/O pins DQ1 to DQ16. Therefore, when a 
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tester has 128 I/O pins, the number of semiconductor memory devices that can 
be tested at the same time is restricted to eight because one semiconductor 
memory device occupies sixteen I/O pins of the tester. 

FIG. 2 is a block diagram illustrating another conventional semiconductor 

5 memory device. The semiconductor memory device of FIG. 2 includes a write 
data control circuit 20 and a data comparison circuit 22 in addition to a 
configuration of the semiconductor memory device of FIG. 1. Since the same 
components in Figs. 1 and 2 function as the same operation, operation of the 
semiconductor memory device of FIG. 2 will be easily understood with reference 

10 to that of FIG. 1. 

_ . tk« n.n*o ^ota rnntrnl Hrr.l lit 20 receives 
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u.^a i^nt w=,t a nRM DRlfi. DBI9. and DBI13 outputted from the data input 
buffers DIBs 10-1, 10-5, 10-9, and 10-13 to generate 16-bit data DDBI1 to 
DDBI16. During a regular write operation, the write data control circuit 20 
is receives buffered input data DBI1 to DBI16 outputted from the data input buffers 
DIBs 10-1 to 10-16 to generate 16-bit data DDB1 to DDB16. 

During a test read operation, the data comparison circuit 22 compares 
data DDB01 to DDB016 outputted from the data read circuit 16 by two bits to 
generate a 8-bit data, and then compares the 8-bit data by two bits to generate 
20 a 4-bit comparison. During a regular read operation, the data comparison circuit 
22 receives data DDB01 to DDB016 outputted from the data read circuit 16 
and outputs DDB01 to DDB016 to the data output buffers DOBs 12-1 to 12-16. 

The conventional semiconductor memory device of FIG. 2 is configured 
to receive or output data through four data I/O pins DQ1, DQ5, DQ9, and DQ13 
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during a test operation. Therefore, when a tester has 128 I/O pins, the number 
of semiconductor memory devices that can be tested at the same time is thirty 
two because one semiconductor memory device occupies four I/O pins of the 
tester. That is, the number of the semiconductor memory device to be tested 

5 by the tester is not restricted by the number of the data I/O pins. Therefore, the 
number of the semiconductor memory devices that can be tested at the same 
time is increased compared to that of FIG. 1 . 

The data comparison circuit 22 of the semiconductor memory device of 
FIG. 2 compares the data outputted from the data read circuit 16 by two bits to 

10 generate a comparison result signal. The comparison result signal indicates 
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when the two hits of data are different. However, there is a problem in that, 
when both of the two bits of data are "0" and "0" and there are errors in both bits, 
the comparator may erroneously indicate a normal result. 
15 Therefore, even though the number of the semiconductor memory device 

to be tested at the same time is increased, an incorrect comparison result signal 
can be generated. 

FIG. 3 is a block diagram illustrating a semiconductor memory device 
according to an embodiment of the present invention. The semiconductor 
20 memory device of FIG. 3 includes a write data control circuit 30 and a read data 
control circuit 32 in addition to a configuration of the semiconductor memory 
device of FIG. 1 . Since the same components in Figs. 1 and 3 function as the 
same operation, operation of the semiconductor memory device of FIG. 3 will be 
easily understood with reference to FIG. 1 . 
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During a test write operation, the write data control circuit 30 extends 
buffered input data DBI1, DBI5, DBI9, and DBI13 outputted from the data input 
buffers DIBs 10-1, 10-5, 10-9, and 10-13 to generate 16-bit data DDBI1 to 
DDBI16 in response to a test control signal MRSC. During a regular write 
operation, the write data control circuit 30 receives buffered input data DBI1 to 
DBI16 outputted from the data input buffers DIBs 10-1 to 10-16 to generate 16- 
bit data DDBI1 toDDBI16. 

During a test read operation, the read data control circuit 32 serially 
converts data DDB01 to DDB016, by four bits, outputted in parallel from the 
data read circuit 16 in response to the test control signal MRSC and a clock 

. ~. ti . j_* r.\rr.,i\i io m itm itc Hfltfl nnROI to DDB016 to 
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the data output buffers DOBs 12-1. 12-5. 12-9, and 12-13 in sequence. During 
a regular read operation, the read data control circuit 32 receives data DDB01 
to DDB016 outputted from the data read circuit 16 to generate buffered output 
data DB01 to DB016 to the data output buffers DOBs 12-1 to 12-16. 

In FIG. 3, the test control signal MRSC is set by inputting a mode setting 
code corresponding to the test control signal MRSC to a mode setting register 
(not shown) during a mode setting operation. Since such an operation is well 
known, description of such an operation is omitted. The clock signal CLK is a 
signal which is externally inputted or internally generated. 

FIG. 4 is a circuit diagram of the write data control circuit of FIG. 3. The 
write data control circuit of FIG. 4 includes an inverter 11, and NMOS 
transmission gates T1 to T8. 

The test control signal MRSC is set to a "high" level during a test 
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operation and to a "low" level during a regular write operation. 

During a test write operation, the NMOS transmission gates T5 to T8 are 
turned on, and the NMOS transmission gates T1 to T4 are turned off. The 
NMOS transmission gates T5 to T8 transmit buffered input data DBI1 as data 
5 DDBI1 to DDBI4. That is, during a test write operation, the buffered input data 
DBI1 is transmitted as the data DDBI1 to DDBI4. 

During a regular write operation, the NMOS transmission gates T1 to T4 
are turned on, and the NMOS transmission gates T5 to T8 are turned off. The 
NMOS transmission gates T1 to T4 transmit buffered input data DBI1 to DBI4 as 
10 the data DDBI1 to DDBI4. That is, during a regular write operation, the buffered 
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The write data control circuit of FIG. 4 shows a circuit configuration which 
receives buffered input data DBI1 to DBI4 to generate the data DDBI1 to DDBI4. 
A circuit configuration which respectively receives buffered input data DBI5 to 
15 DBI8, DBI9 to DBI12, and DBI13 to DBI16 to generate data DDBI5 to DDBI8, 
DDBI9 to DDBI12, and DDBI13 to DDBI16 is the same as FIG. 4. 

Therefore, during a regular write operation, the write data control circuit 
according to the present invention receives 16 bits of buffered input data DBI1 
to DBI16 to generate 16 bits of data DDBI1 to DDBI16. During a test write 
20 operation, the write data control receives four bits of buffered input data DBI1, 
DBI5, DBI9, and DBI13 to generate data DDBI1 to DDBI16. 

FIG. 5 is a circuit diagram illustrating the read data control circuit 32 of 
FIG. 3. The read data control circuit of FIG. 5 includes inverters 12 to I20, NMOS 
transmission gates T9-T18, and CMOS transmission gates C1 to C10. 
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In FIG. 5, two units of inverters 19 and 110, 111 and 112, 113 and 114, 115 
and 116, 117 and 118, and 119 and I20 constitute latches L1 to L6, respectively. 
The inverters 13 to 18, the CMOS transmission gates C1 to C10, and latches L1 
to L6 constitute a parallel to serial converting circuit 40. 

5 The test control signal MRSC is set to a "high" level during a test 

operation and to a "low" level during a regular read operation. 

During a test read operation, the NMOS transmission gates T14 to T17 
are turned off, and the NMOS transmission gates T9 to T13, and T18 are turned 
on. Then, the data DDB01 to DDB04 are transmitted through the NMOS 

10 transmission gates T10 to T13, and a clock signal CLK is transmitted through 
♦h s MMQQ tronemiccjnn gate Tift The CMOS transmission gate C10 transmits 
a data transmitted from the NMOS transmission gate T10 in response to the 
clock signal CLK having a "high" level. 

The CMOS transmission gates C9 and C8 and the latch L6 comprise a 

15 circuit. The CMOS transmission gate C9 is turned on in response to the clock 
signal CLK having a "high" level to latch the data DDB02 to the latch L6. The 
CMOS transmission gate C8 is turned on in response to the clock signal CLK 
having a "low" level to transmit a data latched to the latch L6. That is, the circuit 
comprised of the CMOS transmission gates C9 and C8 and the latch L6 delays 

20 the data DDB02 by a half clock period and then outputs the data. 

The CMOS transmission gates C7, C6, and C5 and the latches L5 and 
L4 comprise a circuit. The CMOS transmission gate C7 is turned on in 
response to the clock signal CLK having a "high" level to latch a data DDB03 to 
the latch L5. The CMOS transmission gate C6 is turned on in response to the 
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clock signal CLK having a "low" level to latch the data latched to the latch L5 to 
the latch L4. The CMOS transmission gate C5 is turned on in response to the 
clock signal CLK having "high" level to transmit the data latched to the latch L4. 
That is, the circuit comprised of the CMOS transmission gates C7, C6, and C5 

5 and the latches L5 and L4 delays the data DDB03 by a 1.5 clock period and 
then outputs the data. Similarly, a circuit constituted by the CMOS transmission 
gates C4, C3, C2, and C1 and the latches L3, L2 and L1 delays the data 
DDB04 by 2 clock period and then outputs data. The NMOS transmission gate 
T9 transmits a data outputted from the parallel to serial converting circuit 40 as 

10 dataDBOl 
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T17 are turned on : and the NMOS transmission gates T9 to T13 and T18 are 
turned off. Then, the NMOS transmission gates T14 to T17 transmit the data 
DDB01 to DDB01 as the data DB01 to DB04. The read data control circuit of 

15 FIG. 5 shows only a circuit configuration which receives data DDB01 to DDB04 
to generate the data DB01 to DB04. A circuit configuration, which respectively 
receives data DDB05 to DDB08, DDB09 to DDB012, and DDB013 to 
DDB016 to generate data DB05 to DB08, DB09 to DB012, and DB013 to 
DB016, is the same as the circuit configuration of FIG. 5.That is, during a 

20 regular read operation, the read data control circuit according to the present 
invention receives 16 bits of data DDB01 to DDB016 to generate 16 bits of 
dataDBOl toDB016. 

During a test read operation, the read data control circuit converts 16 bits 
of data DDB01 to DDB016 serially to generate four bits of data (DB01, DB05, 
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DB09, and DB013), (DB02, DB06, DBO10, and DB014), (DB03, DB07, 
DB011, and DB015), and (DB04, DB08, DB012, and DB016) in sequence. 

The read data control circuit of FIG. 5 is a circuit configuration, which can 
be applied to a double data rate (DDR) semiconductor memory device. That is, 
5 the read data control circuit of FIG. 5 outputs a data in response to a rising edge 
and a falling edge of a clock signal. 

As described hereinbefore, the semiconductor memory device according 

to at least one embodiment of the present invention increases the number of the 

semiconductor memory device that can be tested at the same time by reducing 

10 the number of the data I/O pins. 

whijo tho pracont jnyantinn has hppn Hp.srrihp.d in detail with reference to 

the preferred embodiments, it is to be understood that the invention is not 

limited to the disclosed embodiments, but, on the contrary, is intended to cover 

various modifications and equivalent arrangements included within the spirit and 

15 scope of the appended claims. 
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